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PPrimary Sjögren’s syndrome (pSS) is a systemic 
auto-immune disease with heterogeneous 
manifestations, characterized by chronic 
in� ammation of lacrimal and salivary glands, with 
xerophtalmia and xerostomia. The central nervous 
system (CNS) can be involved with an highly 
variable prevalence, estimated to be between 0.3 
and 60 percent.1,2 Among CNS manifestations, 
cerebellar involvement is relatively uncommon; 
to the best of our knowledge only 15 cases have 
been described worldwide before.3–12 According 
to Yang et al,12 who reviewed 13 cases, gait 
ataxia (100% of reviewed cases)—sometimes 
accompanied by dysarthria, limb tremors, and 
nystagmus—magnetic resonance imaging 
(MRI) � nding of cerebellar atrophy (84.6%), and 
oligoclonal bands in cerebrospinal � uid (CSF) 
(62.5%), are the most frequent manifestations of 
cerebellar involvement in pSS.

Physical rehabilitation can improve motor 
symptoms of cerebellar ataxia but is considered 
particularly challenging in patients su� ering 
from di� use cerebellar damage.13,14 In focal 
lesions (e.g., stroke, trauma), intact regions can 
support the defective parts, while in degenerative 
conditions, any part of the cerebellum is 
potentially involved, leading to a reduction 
of supporting structures. This is thought to 

determine an impairment of motor relearning 
abilities.13,15

Recently, virtual reality (VR) has been proposed 
as an e� ective tool for physical rehabilitation 
of balance and gait. VR can be de� ned as an 
user-computer interface that is able to generate 
perception of an interactive environment, object 
or activity.16 It has been suggested that VR based 
on center of pressure (COP) biofeedback could 
result in a better exercise technique in patients 
su� ering from neurological or musculoskeletal 
conditions, helping in the restoration of 
functional balance and gait abilities.17,18 In 
addition, VR might have positive e� ects on 
patients' motivation, engagement, and body 
awareness.18,19

In the present report, we describe the case 
of a 43-year-old woman a� ected by pSS, who 
su� ered from cerebellar ataxia as � rst clinical 
sign, with onset several years before diagnosis. 
Furthermore, we describe a personalized 
rehabilitation approach based on a combination 
of conventional physiotherapy and biofeedback-
based VR training. 

CASE REPORT
Clinical history. A 43-year-old woman was 

admitted to the Scienti� c Institute for Research, 
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A B S T R A C T

Cerebellar involvement in primary Sjögren’s 
syndrome (pSS) is an uncommon condition, 
with only a limited number of cases described 
worldwide. A 43-year-old woman a� ected by 
cerebellar atrophy associated with pSS was 
referred to our center to undergo a cycle of 
physical rehabilitation therapy. Although motor 
symptoms started when the patient was 23 
years of age, the underlying disease remained 
undiagnosed for several years. Neurological 
examination before rehabilitation revealed ataxic 
gait, dysmetria, nystagmus, and hypermetric 
saccades; the patients complained about 
unsteadiness while standing or walking. To 
improve balance and gait abilities, a 20-session 
cycle of balance rehabilitation, based on a 
combination of conventional physical therapy 
and virtual reality exergames, was prescribed. 
The outcomes of rehabilitation were evaluated 
with balance tests and three-dimensional (3D) 
gait analysis.  To our knowledge, this is the 
� rst case describing the diagnostic workout 
for cerebellar atrophy associated with pSS and 
the subsequent motor rehabilitation. This work 
highlights the importance of early diagnosis and 
rehabilitation in patients with central nervous 
system involvement in pSS.

KEYWORDS: Primary Sjögren’s syndrome; 
cerebellar ataxia; virtual reality rehabilitation; 
3D gait analysis; cerebellar rehabilitation
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Hospitalization and Health Care (IRCCS) 
Neurolesi Bonino-Pulejo to undergo a cycle 
of physical rehabilitation. Her clinical history 
revealed over 20 years of disease burden. 

The patient experienced mild symptoms 
of impaired gait, disequilibrium, and 
discoordination for the first time when 
she was 23 years of age. She also suffered 
from arthralgia, especially in the morning. 
No additional relevant symptoms or 
comorbidities were reported. Subsequently, 
the patient visited the Rheumatology 
Department of the Universitary Policlinic G. 
Martino (Messina, Italy).

She was first diagnosed with rheumatoid 
arthritis and treated with leflunomide (10mg/
day) and celecoxib (200mg/as needed) for 
about two years until the complete remission 
of symptoms. 

At 26 years of age, the patient reported 
a relapse, complaining of unsteadiness 
while standing or walking, functional 
impairment of fine upper limb movements, 
and clumsiness while writing, eating, and 
playing piano. Moreover, she started suffering 
from intermittent diplopia and dry mouth. 
Unsteadiness, clumsiness, diplopia, and 
xerophthalmia started as mild symptoms but 
slowly worsened over time. 

At 26 years of age, the symptoms were 
progressive and became worse, which 
required a new hospitalization. On this 
occasion, she was administered the following 
tests for auto-immune disease: 

• Immunofluorescence for antinuclear 
antibodies (ANA)

• Enzyme-Linked ImmunoSorbent 
Assay (ELISA) for Sjögren's-syndrome-
related antigen A autoantibodies (Ro/
SSA)

• Anti SSB
• Anti-Smith
• Anti-nuclear ribonucleoprotein (RNP)

• Anti Scleroderma 70 kD (Scl70)
• Anti endomysial antibodies 

Positivity of ANA (1:320) and Ro/SSA 
antibodies lead to the suspected diagnosis of 
pSS, which was then con� rmed by Schirmer’s 
test. In this test, a strip of � lter paper is 
placed on the lower eyelid margin, and, 
after � ve minutes, the amount of wetting 
is used to measure tear production. The 
patient also underwent salivary gland biopsy 
(Table 1), which was consistent with the 
criteria proposed by the American College 
of Rheumatology/European League Against 
Rheumatism (ACR/EuLAR).20

Complete blood count revealed a mild 
normocytic anemia (hemoglobin: 11.3g/
dL) with moderate elevation of erythrocyte 
segmentation rate (38mm/h) and normal 
C-reactive protein (5mg/L).

Subsequently, the following tests were 
performed to exclude other conditions:

• Thyroid function test
• Anti-hepatitis C virus
• Venereal Disease Research Laboratory 

test
• Serum C3, C4, and CH50
• aAnti-ds-DNA
• Lupus anticoagulant
• Anti-cardiolipin antibody
• Cytoplasmic antineutrophil cytoplasmic 

antibodies
• Perinuclear antineutrophil cytoplasmic 

antibodies
• Serum folate
• Vitamin B12
• Antihuman immunode� ciency virus 

(HIV) antibody
• HIV antigen
• Paraneoplastic antibodies (anti-Hu, 

anti-Ri, anti-Yo, and anti-CRMP5)

All were all executed with negative results.

Genetic tests were carried out to exclude 
spinocerebellar ataxias Types 1 and 2 and ataxia 
with vitamin E de� ciency. Both had negative 
results. Gluten related ataxia was excluded 
due to negative duodenal biopsy. CSF analysis 
revealed the presence of oligoclonal bands 
(<1 cell mm3, 28mg/dL of total proteins). 
MRI showed a reduced cerebellar volume, 
suggesting the diagnosis of cerebellar atrophy 
associated with pSS. 

The patient was treated with 
metylprednisolone (0.5/mg/kg/day), 
intravenous immunoglobulins (IvIG) (1g/kg/
month on 5 days), and celecoxib (200mg/as 
needed). Initially, this treatment, administered 
for three months, determined a signi� cant 
reduction of the symptoms. Subsquently, the 
symptoms reached stability the treatment was 
suspended. 

When she was 32 years of age, she had her 
� rst pregnancy, during which the symptoms 
temporarily worsened. The last documented 
visit before the rehabilitation was in 2010 
when the patient was 33 years of age. This visit 
con� rmed the clinical stability of the patient. 

In 2012, the second pregnancy was 
accompanied by a transient worsening of the 
symptoms, similar as the � rst one. Since 2012, 
she did not report other relevant health issues 
or comorbidities. 

In 2019 when the patient was 43 years of 
age, she was admitted to our facility to undergo 
a cycle of physical rehabilitation. The patient 
reported treatment for xerophthalmia (arti� cial 
tears in form of eye drops). Xerostomia was 
mild, with no treatment received. In the context 
of the preliminary neurological examination, 
the observation of the gait revealed dyssynergy, 
decomposition of multijoint movements, 
and incoordination of trunk and arm swing, 
which resulted in reduced speed and cadence, 
increased step width, irregular step length, 
and unsteadiness during sudden changes of 

TABLE 1. Scomparison of the diagnostic � ndings between our patient and the existing literature, showing for every diagnostic element the positivity (+) or negativity (-) in this case, 
and the percentage of positivity in literature. Literature revision shows  the � ndings reported to date including those of this case. 

GENDER OCULAR 
TESTS

SALIVARY GLAND 
BIOPSY

ANTI -RO/
SSA

ANTI LA/
SSB ANA CSF OLIGOCLONAL 

BAND
CSF INCREASED 

PROTEIN
CEREBELLAR 

ATROPHY (MRI)
Lo Voi et al F + + + - +(1:320) + - +

Literature review
F/M

(86.6%)

13/13
(2 NR)

(100%)

12/12
(3 NR)

(100%)

14/15

(93.3%)

6/15

(40%)

13/15

(86.6%)

6/10
(5 NR)
(60%)

7/13
(2 NR)

(53.3%)

13/15

(86.6%)
Ocular tests were: Schirmer’s test, tear breakup test
ANA: antinuclear antibodies; CSF: cerebrospinal � uid;  NR: not reported
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direction. The Romberg’s test was negative. 
The patient also showed marked di�  culties 
during tandem gait. Clinical examination 
revealed a moderate dysmetria, revealed by 
� nger to nose and heel to shin tests. The motor 
sequences of the two tests were executed by 
the patient with considerable e� ort. Ocular 
examination revealed gaze-evoked horizontal 
nystagmus on both sides (more markedly on 
the left) and hypermetric saccades. The clinical 
signs of the neurological examination were 
considered consistent with ataxia of cerebellar 
origin. A 3T clinical MRI (T1, T2, FLAIR) showed 
moderate cerebellar volume reduction and ex 
vacuo dilatation of the fourth ventricle and 
subarachnoid spaces (Figure 1).

Assessment. After clinical examination, the 
patient underwent baseline balance and gait 
evaluation. 

For the assessment of balance skills, an 
experienced physiotherapist administered 
Berg Balance Scale (BBS), a commonly used 
and well validated measure of functional 
balance.21,22 In addition, two stabilometric tests 
were administered: the patient had to maintain 
balance while standing on a footboard with 
eyes open (bipodalic balance open eyes, BBOE) 
or closed (bipodalic balance closed eyes, BBCE). 
During these tests, COP sway (i.e., the ratio 
between the displacement of the COP from the 
center of the footboard and the dimensions 
of the footboard), COP path length, and COP 
velocity were measured. 

These stabilometric tests and the related 
measurements, together with the following 
rehabilitation, were performed using Riablo 
(CoRehab, Trento, Italy), a device based on 
a stabilometric/proprioceptive footboard 
integrated with a VR display. In addition, a 
baseline gait analysis was performed using 
a 3D gait analysis tool (GAITLAB system, BTS 
Bioengineering, Milan, Italy).

Twenty-two re� ective spherical markers 
were placed according to the Davis-Heel 
protocol.23 During walking acquisition, the 
subject walked straight at self-paced speed in 
the room over � ve meters. First and last strides 
were excluded from the analysis. Tracking of 
the markers and detection of gait events (heel 
strike, toe o� ) was automatically performed 
using the integrated software for data analysis 
(BTS Smart Analyzer). The results were checked 
and manually corrected, if needed, by an 
experienced bioengineer. Outcomes of gait 

analysis were temporal parameters (e.g., gait 
cycle time, single support phase %, double 
support phase %, gait speed, cadence), spatial 
parameters (e.g., step length, step width), and 
Gait Pro� le Score (GPS), which is considered an 
overall measure of the kinematic gait pro� le of 
a subject. GPS is based on Gait Variable Scores 
(GVS), described as the root mean square 
average di� erences between patient’s time-
normalized kinematic variables and the values 
of the same variables of a reference healthy 
population. GVS are the following: 

• Pelvic tilt
• Obliquity
• Rotation from the pelvis and hip � exion
• Abduction

• Internal rotation
• Knee � exion
• Dorsi� exion 
• Foot progression both from left and 

right foot24,25

GPS summarizes the quality of the gait 
pro� le and is responsive to change: due to these 
characteristics, it is considered a good single 
index to evaluate rehabilitation outcomes.24–26

GVS and GPS can be combined to form a 
movement analysis pro� le (MAP), a graphical 
representation showing immediately which 
variable contributes more to the GPS, and, thus, 
helping the observer to individuate elements of 
abnormality.24,25

FIGURE 1. FLAIR axial (a) and coronal (b) and T1 axial (c) and coronal (d) MRI of the patient evidence cerebellar volume 
reduction and prominence of the folia. Furthermore, ex vacuo dilatation of the fourth ventricle can be observed.
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Rehabilitation. After baseline assessment, 
the patient started a 20-session rehabilitation 
program based on a � rst part of traditional 
physical therapy and a second part consisting 
of VR exergames on Riablo. This program ran 
for 10 weeks, with each week having two 
60-minute sessions. 

The � rst part of the session, which lasted 
20 to 25 minutes, started with � ve minutes of 
warmup on the treadmill. This was followed 
by passive stretching and mobilization for the 
following 5 to 10 minutes. The next 10 minutes 
consisted of coordinative exercises such as 
standing balance (i.e., before on two and 
one leg), stair climbing, standing heel-to-toe 
balance, kneeling, hip adduction-abduction, 
hip intra-extrarotation, and sitting to standing.

The second part of the session, which lasted 
between 30 and 35 minutes, included the 
following:

• Weight transfer (knee bent)
• Weight sagittal and lateral transfer
• Trunk � exion
• Squats
• Standing hip abduction
• Lateral hip abduction
• Standing hip � exion 
• Standing hip extension

In this case, these exercises were based 
on interactive exergames, while standing on 
the footboard, the patient’s COP movement 
determined the correspondent movement 
of a cursor, which had to be moved into a 3D 
target visualized on a screen. The images and 
acoustic signals, provided when an exercise 
was executed correctly or incorrectly, reacted 
in real time to variations of the patient’s 
position. Feedback of the patient’s position was 
obtained by the analysis of the body COP and 
by the use of a well-validated inertial sensors 
system.27

All the sessions were supervised by an 
experienced physiotherapist, that checked for 
the correct execution of the exercises and the 
general conditions of the patient, providing 
verbal instructions to help the patient to 
maintain correct posture during walking, 
physical, and VR exercise.

Outcomes. At the last evaluation session, 
the patient underwent the same tests of the 
baseline (BBS, BBOE, BBCE, gait analysis), 
which showed an improvement in gait and 
balance skills.

• BBS showed an improvement of +18 
percent compared to the baseline 
(T0=44; T1=:52). 

• During BBOE, we observed a reduction 
of 61 percent in sway score (T0=6.81; 
T1=2.18)

• COP path length and COP velocity 
increased of 18 percent (COP path 
length: T0=105mm, T1=124mm; 
Velocity: T0=17.4mm/s; 
T1=20.06mm/s).

• During BBCE, sway score increased of 
10 percent (T0=3.86; T1 4.27) as well 
as COP path length (+155%) and COP 
velocity (+158%) (COP path length 
T0=62mm, T1=158mm; velocity: 
T0=10.03mm/s; T1=26.2mm/s).

• Gait analysis parameters showed a 
+8.6 percent improvement in cadence, 
+16.6 percent in gait speed, a +8.6 
percent gait cycle duration and 
improvement in left and right GPS 
(Table 1). 

DISCUSSION
Cerebellum plays a central role in motor 

control and takes part in cognitive and 
emotional processes. From an anatomical 
standpoint, the medial and intermediate 
cerebellum are the areas involved in stance 
control, upright balance, and gait control, while 
part of the intermediate cerebellar cortex, the 
dentate and the interpositus nucleus, take part 
in the motor control of upper and lower limbs. 
The posterior lobe (posterolateral cerebellum) 
and cerebellar nuclei (mainly parts of dentate 
nuclei) are thought to be involved in cognitive 
operations, while speech coordination is 
controlled by the superior paravermal region, 
the intermediate cerebellar cortex, and the 
dentate nucleus. 

Finally, parts of the vermis (lobules VI 
and VII), fastigius nucleus, � occulus and 
para� occulus, uvula, and nodulus are the 
main structures determining vestibulo-ocular 
re� ex, controlling in eye stability, and even 
the processing of visual fearful stimuli. For 
example, � occular lesions are associated 
with impairments in vestibulo-ocular re� ex 
adaptation or suppression.28,29

Consequently, symptoms and signs of 
cerebellar syndromes are often apparently 
heterogenous, including balance and postural 
impairment (e.g., dizziness and widened foot 

stance), ocular symptoms (e.g., nystagmus, 
saccadic intrusions, and impaired smooth ocular 
pursuit), and dysarthria. Often, motor control 
of limbs can be impaired, with subsequent 
hypotonia, dys- or a-diadochokinesia, 
dysmetria, intentional tremor, and de� cits of 
� ne motor operations of upper limb, such as 
grasping. Furthermore, cognitive and a� ective 
abnormalities can occur, with alteration of the 
executive functions, visual-spatial processing, 
and a� ective regulation (e.g., � attening of 
a� ect, disinhibition, appearance of obsessive–
compulsive traits).30 The disruption of cortico-
ponto-cerebellar and cerebello-thalamo-
cortical loops, which physiologically establish 
connections between the cerebellum and 
supratentorial structures, such as basal ganglia, 
motor, paralimbic and associative cortices, is 
associated with cerebellar symptoms.30–33

In the present case, diagnosis of cerebellar 
ataxia associated with pSS was based on four 
major elements:

1. Diagnosis of pSS according to the ACR/
EuLAR criteria

2. MRI evidence of cerebellar 
degeneration

3. Oligoclonal bands in CSF analysis
4. Exclusion of other causes of acute or 

subacute ataxia

Although there are not gold standard 
diagnostic criteria for cerebellar involvement 
in pSS, these diagnostic elements are in line 
with those reported in existing literature 
since this date (Table 1). It is worth noting 
that among the 15 patients described in 
the literature, only four (26.6%) developed 
ataxia after the diagnosis of pSS.9,12 In the 
most of cases, motor impairment anticipated 
or manifested together with typical pSS 
symptoms, such as xerostomia, xerophtalmia 
(sicca syndrome), or arthralgia.4,8,11 Often, 
screening for speci� c antibodies was 
administered after the worsening of these 
symptoms or the appearance of new 
rheumatological manifestations. It is not 
unusual for physicians to initially consider 
neurological and rheumatological symptoms 
as unrelated, leading to a relevant delay in 
diagnosis. Such a delay could have a critical 
impact on short- and long-term disability, 
as neurological symptoms can bene� t from 
early corticosteroid treatment.34,35 Cerebellar 
involvement can become evident with either 
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an acute or subacute/progressive onset.8,12

In some cases, early administration of 
therapy based on corticosteroids, IvIG, and 
immunosuppressants could lead to remission, 
or, more often, clinical stabilization.8,11,12 In this 
patient, the recognition of a cerebellar ataxia 
of unknown origin led to a complete research 
of the background etiology. Nevertheless, the 
identi� cation of clinical elements suggestive 
of cerebellar disfunction goes beyond the mere 
research of typical motor signs of cerebellar 
ataxia.36 From an anatomical standpoint, 
it is well known that neurons of the lateral 
cerebellar nucleus provide inputs to the central 
lateral nucleus of thalamus, which projects 
to motor cortex and striatum; it is thought 
that the interplay of these structures is crucial 
not only for motor, but also for cognitive and 
emotional processing.31 Even if our patient did 
not show disfunction of cognitive-a� ective 
domains, it is necessary to reiterate that 
cerebellar degeneration could often manifest 
itself with impairment of executive functions, 
alteration of spatial orientation, mood, 
behavior, and even speech disturbances. 
Furthermore, psychiatric symptoms (e.g., 
depression, anxiety, psychosis) should be 

investigated when suspecting a cerebellar 
syndrome.36

When accompanied by Sjögren’s syndrome 
or arthralgia, the administration of antibody 
screening for pSS in patients with new onset 
signs and symptoms of cerebellar disfunction 
could help the physician in the correct 
diagnosis.12,34,35,37 As well as for cerebellar 
involvement, other CNS manifestations of pSS 
should be considered in di� erential diagnosis, 
in presence of a suggestive clinical picture. 
In any case, correct diagnosis and immediate 
treatment could lead to an early stabilization of 
the symptoms, allowing the patient to undergo 
rehabilitation. 

Currently, CNS involvement in pSS should 
be treated with the use of immunosuppressive 
and biologic agents. Empirically, high-dose 
corticosteroids, as well as other immune 
suppressants, have been suggested to treat 
myelitis. Other drugs that can be used for CNS 
manifestations include rituximab, plasma 
exchange, azathioprine, methotrexate and 
mycophenolate mofetil, they're used according 
to the severity of the condition.20,38,39

Notably, early rehabilitation is a crucial 
outcome predictor for patient with cerebellar 

ataxia.13 Otherwise, this patient underwent 
physical rehabilitation several years after 
diagnosis and stabilization of the symptoms. 
We hypothesize that rehabilitation could have 
led to better outcomes if started earlier. 

Rehabilitation is one of the cornerstones in 
the treatment of ataxias and should be started 
once neurological symptoms are stabilized. 
In this report, despite negative predictors for 
rehabilitation (e.g., di� use cerebellar damage, 
the absence of early intervention), the patient 
bene� ted from the combination of coordinative 
training and the use of exergames. Synofzik et 
al40 outlined how exergaming, when assisted by 
a physiotherapist, can e� ectively complement 
physiotherapy in rehabilitation of patients with 
degenerative ataxia.13

After the treatment, we observed an increase 
in COP path length and COP velocity. These 
measures are related to the variety of postural 
adjustments performed to maintain stability 
while standing on the footboard and is usually 
considered a sign of cerebellar dysfunction. On 
the other hand, measures of functional balance, 
like BBS and body sway during BBOE, showed 
marked improvements. This could suggest 
that the increase in postural adjustments may 

FIGURE 2. Movement analysis pro� le at baseline (a) and after rehabilitation (b). Baseline Gait Pro� le Score was higher on both sides. Right side showed the most prominent Gait 
pro� le score improvement (from 8.1° to 7°). Comparing single Gait Variables Scores, there is a notable reduction of intra/extra rotation of the right hip (from 13° to 3.5°) and of knee 
� extion/extention on both sides (Right: from 15.3° to 12.5°; Left from 13.6° to 9°).
add/abd: adduction/abduction; Ant/post: anteversion/retroversion; dor/pla: dorsi� exion/plantar� exion; � x/ext: � exion/extension; GPS: Gait Pro� le Score; int/ext: internal/external 
rotation

TABLE 2. Di� erences in gait parameters before (T0) and after (T1) rehabilitation

TIME CADENCE 
(STEPS/MIN) SPEED (M/S) CYCLE DURATION 

(S)
DOUBLE 

SUPP. (%)
STEP LENGTH 

(M)
STRIDE 

LENGTH (M) STEP WIDTH (M) GPS RIGHT (°) GPS LEFT (°)

T0 79.9±1.87 0.6±0 1.51±0.29 14.07±3.59 0.44±0,2 0.90±0.06 0.17±0.1 8.1±0.7 7.5±0.5
T1 86.8±2.15 0.7±0 1.38±0 12.71±1.31 0.44±0,3 0.92±0.05 0.17±0.2 7±0.1 7.4±0.5
Cadence, gait speed, cycle duration, double support phase percentage, stride length, GPS right and GPS left improved
GPS: Gait Pro� le Score
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have resulted in an improvement in static and 
dynamic balance. Our patient in particular 
showed an improvement of eight points in BBS. 
Minimal clinically important di� erence for this 
scale has been estimated to be between thre 
to four points for di� erent types of patients.41,42

Our patient showed a marked improvement of 
open-eye sway after rehabilitation, whereas 
closed-eye sway showed a less evident 
di� erence. Speculatively, these results could 
be interpreted as deriving from an emphasized 
reliance on visual inputs; as a compensation 
based on visual, acoustic, and proprioceptive 
perception is considered a potential mechanism 
of balance improvement in cerebellar ataxia.13,43

In addition, we found improvements in 
temporal and kinematic parameters of gait 
analysis. Among temporal parameters, the 
patient showed a positive change in cadence, 
gait speed, and cycle duration. Gait speed 
showed a clinically important improvement 
of 16.6 percent (0.1m/s).44 The change in gait 
speed is associated with an 8.6 percent increase 
in cadence and a reduction in double support 
phase percentage, which became more similar 
to that of healthy subjects (approximately 
around 10%).45 In contrast, spatial parameters 
remained similar before and after the 
treatment. 

Among kinematic parameters, rehabilitation 
led to a reduced GPS on both sides. The 
improvement is more clear on the right side, 
where GPS reached a borderline physiological 
value (7°).46 This case provides an example of 
how MAP in addition to visual evaluation of gait 
can be useful to represent the kinematic pro� le 
and to distinguish which variable is in� uencing 
more the GPS outcome.25,46

At baseline assessment, one of the most 
prominent abnormalities of gait was an 
abnormal internal rotation of right hip 
(Figure 2A). The physiotherapist tried to 
improve this aspect by the administration of 
speci� c exercises of stretching, conventional 
physiotherapy (hip adduction-abduction, 
intra-extra rotation), and by verbal instructions. 
At the end of the rehabilitation, GVS for hip 
rotation showed a reduction (Figure 2B). To 
sum up, results of our VR biofeedback-based 
rehabilitation are consistent with previous 
literature, suggesting that patients with di� use 
cerebellar involvement could bene� t from an 
intensive neurorehabilitation cycle balance to 
enhance multi-joint coordination, gait speed 

and functional balance.47

LIMITATIONS
The � rst limitation of this study is that results 

of this rehabilitation cannot be generalized 
to other patients. Any individual factor—like 
physical condition, psychological approach 
and engagement—is crucial in rehabilitation, 
which can in� uence the results of each 
patient.48 Furthermore, we did not have the 
opportunity to do any follow up to assess 
to what degree outcomes of rehabilitation 
persisted over time. 

CONCLUSION
Although cerebellar ataxia associated with 

pSS is an uncommon condition, early diagnosis 
is crucial because it could positively impact 
the clinical course and lead to a reduction of 
the time between the onset of symptoms, 
pharmacological therapy, and rehabilitation. 
Therefore, we suggest administering tests for 
antibodies to rule out this condition in patients 
with cerebellar ataxia and signs/symptoms of 
pSS. When the symptoms are stable, patients 
could bene� t from balance rehabilitation to 
improve motor function. We suggest that VR 
could be an e� ective complement to traditional 
physiotherapy during the rehabilitation cycle.
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